TABLE 13

QUALITY OF FACTOR INPUTS, 1952-1973
' (1963 = 1.000)

Year Labor Capital
1957 . 915 :
1953 <917 '::;
13354 919 | 2977
199S 922 ‘980
1956 924 o eay
1951 926 - .982
1q5n .929 ’ 1933
1952 -331 .983
1960 9133 YT
1961 : <955 : . L9871
190? ) 977 ‘093
1ass 1.000 | © 1,000
19441 1,024 o012
1965 1,048 1.013
1987 1.098 1011
1968 1,124 1 ass
1969 ' 1,151 1,017
1974 1,178 _ 1 018
pas Le2e . 1.024

1973 1,264 | . 1le37
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where Y* is the rate of growth of gross domestic business product, A* is

the rate of growth of total factor productivity, Kg is the rate of growth

of capital input, Lg is the rate of growth of labor input, iK is the average
(over two years) share of property compensation, and ﬁLtis the average share

of labor compensation. Substituting KS = qKKA and LS ’_qLLA into this

equation yields,

+ WK* + W.q* + W L*,

* = A%k %
Y = A%+ Weqp + WKE + Wiof + W LY

Now let us denote manhour productivity M = Y/LA. We can write the rate of
growth of manhour productivity as M* = Y% - Lz. Finally, substituting in

the above expression for Y* we have

% = AX + W. q* + W gk + W * - 1%).
Mk = A% + W gk + Wqk + U (KY - L)

Thus we find that total factor productivity can be considered as s;nply one

co-ponent in manhour produgtivity.

Averaged over the time period 1952-1973 Y* is .052 while A* is .025.
Thus our estimates imply that 51.0% of the growth in Italian gross domestic
business product is attributable to increases in total factor input, while
49.0% is attributable to increases in total factor productivity. The
proportions of the increase in total factor input are prescnted in Table 14.

Finally, in Table 15 we present the average rate of growth of manhour
productivity and its components., Manhour productivity has increased at
an average rate of growth of 5.2% per year. Rising total factor pro-

ductivity accounts for 2.5% of the total; while increases in labor quality
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TABLE 14

SOURCES OF GROWTH IN REAL FACTOR INPUT: QUANTITY OF LABOR
INPUT (w L*), QUALITY OF LABOR INPUT (&Lq:), QUANTITY
OF LAPITAL INPUT (w (K*), AND QUALITY OF CAPITAL
KqK) AS PROPORTIONS OF THE RATE OF
GROWTH OF REAL FACTOR INPUT

INPUT (w

) - % - - *
* *
Year wL.L quL wKK quK

1952~1972 .004 .345 .605 .045

TABLE 15
'SOURCES OF GROWTH IN MANHOUR PRODU(.TIVITY (M%) :  TOTAL FACTOR
PRODUCTIVITY (A%*), QJALITY OF LABOR INPUT (quL) QUALITY

OF CAPITAL INPUT (w ) AND CAPITAL DEEPENING
9 * -
wK (KA LA )

‘ ’ w.q_ % g * @ * -
Year | M* A* wid wedy we K A L A*)

1952~1972 .052 1,025 .009 001 .016
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account for 0.9%, increases in capital quality account for.0.l% and capital

deepening accounts for 1.6%. We conclude that increases in total factor

productivity are the most important component of observed increases in

- . manhour productivity, but that capital deepening and increases in the quality

of aggregate labor have also been important factors.
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REAL PRODUCT, .REAL FACTOR INPUT, AND ¥
PRODUCTIVITY IN THE NETHERLANDS, 1951-1973
by

L.R, Christensen, D. Cummings, and P, Schoech

The ﬁeasurement of social product in current and constant prices is
well established in accounting>practice._ Official social accounts for
the Netherlands, which closely follow standard practice, are published regularly
by Centraal Bureau voor de Statistiek. Each delivery of social product to
final demand involves a commodity or service flow that is separated into
. price and quantity components. Quantities gnd prices of individual
coﬁmodities and services are combined into indexes of real product and its
price or implicit deflator.

An analysis of the sources of productivity change requires the measure-
ment of social.factor outlay in current and constant prices. The conceptual
basis for separation of factor outlay into price and quantity components is
identical to that for social product. Each outlay on factor services must be
separated into price and quantity compbnents. Prices and quantities of the
individual factor services are combined into indexe# of real factor input and
its price. For example, the value of labor services can be divided between
the wage rate and the quantity of labor time. The product of the two is the
outlay on labor services or labor compensation.

Despite the essential similarity between concepts of real product and
real factor input, the measurement of social factor outlay in constant prices
is not well established in social accounting practice. The chief problem is
the measurement of capital input in real terms. Recently, Christensen and
Jorgenson (1969) have provided a conceptual basis for measuring real capital

input. Their method involves separating outlay on capital services into price



and quantity components using an accounting imputation. The method of imputation
is based on the correspondence between asset prices and service prices implied
by the equality between the value of an asset and the discounted value of its
services, Christensen and Jorgenson (1970), (1973a), (1973b) integrated their
method for measuring real capital input into a complete accounting system for

the private sector of a national economy.

In this paper we follow the methods of Christensen and Jorgenson in

' developing estimates of real product and real factor input for the private

seitor of the Netherlands economy. We employ our estimates to study pro-
ductivity change in the private sécfor of the Netherlands:economy for the
postwar period. We present estimates of changes in manhour productivity and
total factor prbductivity. We also derive a refationship beﬁween manhour
and total factor productivity. |

Our escimatesAavetaged over the period 1951-73 yield the following con-

cldsions for the private and government eﬁterprise sector of the Netherlands

economy: The ecoaoﬁy grew at a rate of 5,37 per year. Of this .4% has

been due to the growth of labor input, 2.4% has been due to the growth of

capital input, while 2.5Z has been due to increases in total factor productivity.

Manhour productivity has increased at 5.12 per year. Of this total 2.5%°

resulted from increases in total factor productivity; ,3% from increased
quality of the labor force, .7% from increased quality of the capital stock,

and 1.6% from increases in the capital-labor ratio.



2. The Producticon Account in Current Prices

Our production account is for the private sector of the Netherlands economy.
The general government sector is excluded. It would also be desirable to
exclude government enterprises. However, it is not possible to identify
separately the portions of private CNP or gross private domestic ' investment
which are actually due to government enterprises. Thus we wiil use the
term private domestic sector to refer to private domestic business enterprises,
plus households, plus government enterprises.

Our concepts of revehue and outlay are from the producer point of view,
The value of output is net of taxes on output but the value of input is gross
of taxes on input., Thus we divide indirect business taxes into two categories.
We exclude from the value of production all indirect business taxes whicﬁ
are viewed as charges ;gainst revenue, such as.excise or sales taxes. But
we include indirect business taxes charged to the producer as part of outlay
in obtaining services from productive factors such as property taxes, In
effect we increase factor cost by indirect business taxes related to the level
of input of productive factors. We treat government subsidies to the business
sector as negative indirect business taxes charged‘;gaiﬁsc revenue. Thus,
we add subsidies to arrive at the value of output from tﬁe producer point of
view.

In the Netherlands national income and product accounts an estimate of
the services of owner-occﬁpied housiné is included in the product of the
private sector. The flow of capital services resulting from investment
in housing by owner-occupiers is not, however, recorded in market trans-

actions. The value of this service flow must be imputed from data on rental



values for tenant-occupied housing. In the Netherlands accounts. the
treatment of capital services from consumer durables is not symmetrical
with that of housing. Purchases of consumer durables are treated as part
of personal consumption expenditures rather than investment, and the service
flow from these durables, unlike housing services, is not included in GNP,
We treat the services of ownerfutilizgd consumer durables symmetrically
with the services of owner-occupied housing. Purchases of new consumer
durables are included in private investment, rather than consumption. This
change from the conventions of the Netherl#nds national income and product
aécounts leaves the value of total product unaltered. We then impute the
va;ue of services of consumer durables us?ng the cost of capital implicit in
the service flow for owner-occupied housing. We add the resulting service
flow to the product of the private sector.

Civen our definitions of output and input, we may describe more

‘explicitly the measurement of gross private domestic product and gross

private domestic factor outlay. The value of gross product is defined

as grosé national product less GNP originating in general government and

rest of wo:ld, plus services of consumer durables, less indirect business
taxes not related to factor outlay, plus sﬁbsidies. The resulting value
of gross private domestic product for the year 1963 is presented in
Table 1.

The value of gross private domestic factor outlay is equal to the
value of gross private domestic product by definition. The value of factor

outlay is equal to national income plus capital consumption allowances,



less government and rest of world GNP, plus services of consumer durables,
plus indirect business taxes related to factor outlay. Capital consumption
allowances are included since they are part of the outlay for capital
services and are included in the rental value of capital services. The
resulting value of gross private domestic factor outlay for the year 1963

is given in Table 1. A detailed breakdown of our treatment of the Netherlands
taxes, along with figures for 1963 are presented in Table 1la.

In separating the values of gross product and gross factor outlay into
price and quantity components, we find it useful to di#ide total product
among consumption and investment final sales, net exports, and changes in
business inventories. We divide total factor outlay between capital and
labor services. We combine the final sales of durable goods and structures
to business and éovernment enterpises with final sales of consumer durables
and refer to the total as final sales of investment goods,

Our definition of services output includes the services of consumer
durables along with services output included in the Netherlands accounts. The
output of the foreign and general government sectors consists entirely of
services, so that we define the output of services Sy.the private domestic
sectors as services included in gross national product, less the product of
foreign and éeneral government sectors, plus the services of consumer durables.

We combine the private domestic sector's output of services with final
sales of nondurable goods and refer to the total as final sales of consumption
goods.

Our definition of grOSs‘domestic business product from the producer

point of view excludes indirect business taxes not considered to be charges



Table 1

Production Account, Gross Private Domestic Product

and Factor Outlay, Netherlands 1963

Millions of Guilders

Gross National Product (NR?, table 10, line 6)
Wages and salaries in general government (NR,

table 26, line 18) .
Capital consumption allowances in general government
(NR, table 2, line 2.1.03) _
Net interest and miscellaneous investment income

of general govermment (NR, table 2, line 2.1.04

+ table 3, line 3.1.03 - line 2 above)

CNP originating in rest of world (MR, table 7, line

7.2.55)

+ Service of consumer durables (our imputation)

Taxes not related to factor outlay (see table
la below) :

Subsidies (NR, table 1, line 1.2.52)

Gross private dowmestic product

Factor Outlay

‘National income (NR, table 10)
Capital consumption allowances (NR, table 10)
Indirect taxes considered direct by NR (see table la
below)
Services of consumer durables (our imputation)
Indirect taxes related to factor outlay (see .
table la below)
National income originating in general government
(2 + 3 above) - '
GNP originating in rest of world
Gross private domestic factor outlay

a Nationale rekeningen (1972), Centraal Bureau voor de Statistiek, Zeist.

52257
5250

347

12

665

5482
4443

452
47474

42544
4940

303
5482

1073
5597

665
47474
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Table la

Indirect Taxes Related to Factor Qutlay

Land tax 116
Motor vehicle tax 183
Road, street, canal, and sewer tax 101
Tax on fire insurance 5
Duties on licenses for sale of spirits A 4
Entertainment tax 26
Registration duties 214
Taxes levied by polder boards 80
LSTO - Administration levies 9
*Property levy 1
*Inhabited house tax 27
*Motor vehicles 30
*Private property tax ' 191
Total : . ' 1073

Indirect Taxes Not Related to Factor Outlay

- Turnover tax - 2197
Import duties . 584
Excise taxes ’ 1547
Stamp duties 73

*Inhabited house tax on rented units 54
Total "~ 4455
Of which paid by the government 12
Total private indirect taxes not related to = 4443

factor outlay

Direct Taxes

Wealth taxes ’ 213
Personal income taxes ‘ ‘ 4737
Corporate income taxes 1347
**Business transfer payments to government =
Total 6297
TOTAL . 11825

* Indirect taxes considered direct by the Nationale rekenigen.

** Payments from enterprises to government similar in nature to corporate
income taxes but considered transfer payments by the Nationale rekenigen.



related to levels of factor inputs. The excluded taxes are mainly sales
and excise taxes., Subsidies are netted against these retail business taxes.
We refer to the result as 'retail taxes less subsidies.”

If retail taxes were assessed only on the basis of deliveries to final
demand, we could allocate them directly. In fact a substantial portion of
sales and excise taxes falls on deliveries to intermediate demand. A com-
pletely satisfactory allocation of these taxes would require a detailed input-
output analyﬁis. However, the data required to carry out this analysis are
unavailable, As a first approximation we have allocated retail taxes less
subsidies proportionally to final sales of investment goods and consumption

goods and changes in business inventories.

The value of factor outlay in the private domestic sector includes .
labor compensation.of all emplgyees less compensation of employe;s in general
government; plus the implicit labor compensation of self-employed persons.
and unpaid family workers. Data for compensation of employees in both the
total economy and the government sector was provided by the Nationale

rekeningenland Arbeidsvolume en geregestrede arbeidsreserve.2 We then estimate

labor compensation of the self-employed by imputing to them the average

annual wag; of private sector employees., This imputation is done separately

for self-employed in the agricultural sector and those in the nom-agricultural
sector. We compute the average annual wage of private sector employees as the
ratio of compensation to the number of wage-earning employees. Estimates of

the numbers of wage-earners and non-wage earners are taken from the above two
sources which provided the compensation data. Non-wage earners are broken between

self-employed and unpaid faﬁily workers using data provided by Jaarcijfers voor

! National rekentgen, (1957, 1961, 1966, 1973, 1974, 1975).
2 Arbejdsvolume en geregistrede arbeidsreserve (1967).




Nederland,3Centraal Bureau voor de Statistiek. We estimate the labor
compensation of unpaid family workers by imputing the average wage to
unpaid spouses but nothing to unpaid child workers.

All private domestic factor outlay not allocated to labor is allocated
to capital, Specifically, the value of outlay on capital services includes
the following: ' property income of self-employed persons, profits, rentals,
and interest; capital consumption allowances; business transfer payments;
indirect business taxes that are part of the outlay on productive factors,
such as motor vehicle licenses and property taxes; and the imputed value of
the services of consumer durables. Gross private domestic product and
factor outlay in current prices for 1951-1973 are given in Table 2.

Total product in Table 2 is broken down iﬁto final sales of investment
goods, final sales of consumption goods, net exports, and changes in

business inventories. Total product is also divided between labor compensa-

tion and property compensation.

3. Price and Qusntity Index Numbers
for Total Product

We follow Christensen and Jorgenson (1970) in using discrete approxi-

mations to the Divisia Index to construct aggregate quantity indexes. We

define the rate of growth of the quantity aggfegate q, as

log q, - log q__; = LW, [log q; - log qi,:—1]

where the weights (ﬁit) are arithmetic averages of the relative value

3 Jaarcigfers voor Nederland (1966, 1970, 1975)



~ Table 2
CROSS PRIVATE DOMESTIC PRODUCT AND FACTOR OUTLAY, 1951-1973 (MILLION CURRENT CUILDERS)

- 1. Cross 4

. Inventory 5. Nel
Private Domestic 2. Investment 3. Consumption Coods - Export 6. Labor 7. Property
Year " Product Goods Product Goods Product Product Product Compensation Compensation
T NE— s ot -

19§14 19747, 7 1374, 1008,0 o852f,0 10399,9 367,08
1982 20024, 0 14937,8 «316,0 1403,0 10834,7 9909,3
1983 219998 15117,8 -196,0 939,0 11473,6 10036,1
1944 24024,0 16719,3 999,0 ei77,0 12753,9 11270,4
1988 :7!:4¢a j65%9,9 648 ,0 . 2490 14112,8 13201,8
1984 29983 8 0004, 723,0 =1000,0 15943,0 18440,9
1997 3pate, 1902.2 910,0 =737,0 17260,4 19211,8
1948 32480 3 061,08 89,0 106A,0  17864,1 14828,2
1989 ,.'.!;3 244Y,? 268,0 122%,0 10833,.1 15749,2 =
1960 ""'t’ 8383,.0 1419,0 867,00 20408,2 17704,8
1961 40847 4 6429,7 1268,0 S3,0 22362,7 18184,7
1962 43846 4 ROTRL,0 764,0 10,0 24247,1 19299,3
1963 a7ata, 2 100448, are,0 .=38p,0 26748,8 20728,8
1964 55147, 8 3497y,4 1851,0 *1324,0 31345,3 23022,
1948 610383 40134,0 1382,0 L=AT9,0 35097,.4 26737,7
1966 04964, 6 a;ts o8 988,0 ©1090,0 39107,2 27087,
1947 1;.‘0’0 ‘ 550.3 T43,0 w766,0 41706,8 307%4,1
1968 go,;‘;n 2139, _632,0 “1$,0 43034 ,4 3%077,0
1949 9283213 60071,% 2%24,0 .=214,0  S3481,0 39081,3
19%0 104298, 4 736%,.1 2847,0 42084,0 61207,6 430%0,9
1974 ‘,74,3;. 633.3 §1770,0 w810,0 68660,0 487%8,4
1qig 132801,4 6a997,4 1280,0 4280,0 T6984,.6 $5694,7
1973 150830.3 9029, 2740,0 4700,0 88800,9 61729,4
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shares in the two periods

- P,.d
w "% Wit +'% Wie-13 Y T T AL
’ ipitqit

it

The series for qt itself is then constructed by setting it equal to the
current dollar value (ptqt) in the base year. We use 1963 as the base year
for all our quantity indexes.

It is convenient to have the product of price and quantity indexes
equal to the value of transactions so.that standard accounting ;dentities
hold for variables defined as price and quantity index nuqbers.‘ Accﬁrdingly,
we construct discrete Divisia price indexes as the value in current prices
divided by the discrete Divisia quantity index.

. - i p:tqit

t
The resuiting price indexes are approximately equal to the Divisia price
indexes.

We proceed to construct price and quantity indexes for total product
and its components using the Divisia aggregation procedure described above.
We first construct separate quantity indexes for purchases of investment
goods by the privaie domestic sector and the government sector. The quantity
index of private domestic purchases of investment goods is a Divisia index
of (1) nonresidential structures, (2) machinery and equipment, (3) residential
structures, and (4) consumer durables.

We construct a quénCity index of govermment purchases of investment

goods as a Divisia index of the quantity indexes of producer durables and
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structures. We then construct a quantity index of domestic final sales
of investment goods as a Divisia index of the quantity index of private
domestic purchases and the quantity index of government purchases.

The. quantity index of consumer purchases of goods and services is a
Divisia index of (1) nondurable goods, (2) services as defined in the
national income accounts, and (3) our imputatioﬁ for consumer durable services.
The quantity index of general government purchases of consumption goods
from the business sector is derived from the identity that current.government
expenditure is a Divisia index of general government GNP and general
‘government purchases of consumption goods.4 The quantity'index of domestic
final sales of consumption goods is then constructed as a Divisia index of
the quantity indexes for the consumer and general government sectors. We
conétruct a quantity index of final séles of consumption goods by sub-
tracting rest of world GNP5 from final domestic sales of consumption

goods.,

The quantity index of final sales is constructed as a Divisia quantity

4 General government GNP is defined as labor compensation plus capital
consumption allowances plus the imputed rent of govermnment property for the
years 1949 to 1959, plus the indirect taxes paid by the government for the
years 1960 to 1973.

3 GNP in rest of world is composed entirely of services: Rest of
World GNP is defined as net factor income, plus net transfers from rest of
world for the years 1949 to 1957.
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index of the quantity indexes of final sales of (1) investment goods, and
(2) consumption goods. Changes in business inventories and net exports are
excluded from this Divisia index because they can take on negative values.
Finally, the quantity index of gross private domestic product is constructed
by adding the quantity indexes of final sales, net exports and changes in
business inventories.

Approximate Divisia price indexes corresponding to all of the above-
defined quantity indexes are.computed by dividing the current dollar values
by the quantity indexes.i Since the quantity indexes ;re all constructed
such that they equal the current dollar values in 1963, our aggregate price
indexes all equal unity in 1963. Price and qu#ntity indexes for grosé private

domestic product are presented in Table 3.

4, Price and Quantity Index Numbers for
Total Factor Input

We would like to use the séme Divisia ;ggrcgation procedures to construct
a quantity index of total input as we did to construct aggregate output.
It is possible to construct a Divisia index of the aggregate input of capital
services, but there is insuffiéient data available to carry out a similar
procedure for labor services. 4It Qould be desirable to distinguish among
different categories of labor classified by sex, number of years of
schooling, occupation, age and so on. Hovever, earnings data cross-classified

with these characteristics are not available.

6 We sum these quantity indexes rather than use the Divisia index
procedure since net exports can be negative. Our Divisia index procedure
requires taking logarithms. If a quantity series can take negative values,
the indexing procedure is not well-defined.



Table 3

GROSS PRIVATE DOMESTIC PRODUCT AND FINAL SALES, NETHERLANDS 1951-1973 (CONSTANT GUILDER OF 1963)

1. Gross Private 2. Cross Private 3. Consumption 4, Consumption 5. Investment
Domestic Product Domestic Goods Goods Product Goods
Price Index Product Product Quantity Product
Year Quantity Index Price Index Index Price Index

19¢1 iv8e ' 1787 10«0: 732
1982 fv 6 s’ "' '1.1 20098 ! 2790
1983 ;744 Y16 P111a, 769
1944 , 785 31113, 79! 22142, g 788
1948 799 30192, ’193 23419, 1828
1986 , 831 14499, 7833 28392, 1 . 8814
194y » 869 17348, ’8%0 25177, 4 927
1948 p 982 18342, 880 28062, .8 W41
1949 ;878 39182, 7863 26015, 9 928
1960 p902 anjt2 A 8es 17195 NITS
1961 ;903 a;z 3,4 {926 a8s2y; ,950
1962 948 a8éds, T 30178,4 968
1963 1,000 4 g a, 1,000 32268, 1,000
1944 1,096 sg ’S, 1,072 13868, 1,040
1965 ()1 2 54342, 1,129 ¥5534, ; 1,081
1966 1 1 shs44, 1, " 188 37328, 1,120
1967 1 1'9 60408,4 1,2 38840, ’) 1,126
;;¢: gg; 6abay,y 1,z¥z aa::v ; 1.;;;
6 9499 33658 1,
1920 1 TE 2 i7:3 1'«30 asav0, 1,311
1991 17563 78§49, 4 1]9¢8 48670 1 1,436
1972 1,595 ajxgo,1 1,690 028@ | 1,523
1073 1,73 8via2.e 1.849 19288 1,617

_17‘[..



Year

19814
1992
1943
1984
1985
1986
1987
1948
1989
1960
1954
196D
1943
1944
1948
1966
1947
19¢a

$°
19 )
1972
1973

6,

Investment

Coods Product
Quant ity

ITndex

5!?4 6
oova,s

7346,7
8222'0
9492,9

10629,6
1123950
10060 {
11193 0
1asa¢,o
13444,7
lc!l’ ’
lOiOO |
17013 3
‘vzaa 8

93¢y
22093 4
24101,4
!ﬂSSQ’S
27542, 2
280148,4
27862,2

2910772

. Inventory

Coods
Product

Price I[ndex

—
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Inventory

Coods Product

Quantity
ndex

9. Net Exports
Goods Product
Price TIndex

10. Net Exports
Coods Product
Quant ity
Index

102,6
1744,
1497,3

a719,5s

617.5
“616.5

125, 0

313,9
1776 ,4
1440,9

11,2

646, 8
«JAR, 0
“e7i,8
“417,9
“997,3
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Following Jorgenson and Griliches (1967), our quantity index of labor
input is a product of total man-year persons employed, average hours worked
per person emploved and a quality index based oun the composition of the

labor force. Our data for number of man-years worked are taken from the

Arbeidsvolume en geregestrede arbeidsreserve and the Nationale rekeningen,

Centraal Bureau voor de Statistiek. An estimate for average hours worked per

week in manufacturing industries is provided by the Yearbook of Labour

- Statistics, International Labour Organization.
To construct our quality index we use the educational composition of the
labor force from the Netherlands population census of 1960.7 We also
use Edward Denison's estimate of the educational composition of the labor
force in 1950.8 We present the composition for these two years in Table 4.
We obtain a median annual earnings index for the educational sectors in
selected industries for 1962 from Denison's work. Denison adjusts his
index such that the income differential between each of the other groups and
the group with 8 years of education is reduced to three-fifths of the differential.
This procedure is based on his general impression of the proportion of the income
differentials due directly to education. As we use our educational index to
pick up all quality changes we do not use this adjustment. We present the
earnings figures in Table 4. 1In Table 5 we present our computation of the annual
percentage changes of our quality index of labor input. We multiply
average hours per man times employment, times the index of educational
attainment to obtain our quantity index of labor input. The implicit price
of labor services is computed by dividing our estimate of total labor

compensation by the quantity index of labor input. In Table 6 we present

7 Centraal Bureau voor de Statistiek, Diertiende Algemeine Volkstellung (1960)

8 Denison (1967)
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annual estimates for (1) total man-years, (2) the index of educational
attainment, (3) average annual hours per person employed, (4) the price
index of labor input, and (5) the quantity index of labor input.

The starting point for a quantity index of capital input is a perpetual
inventory estimate of the stock of each type of capital, based on past
investments in constant prices., At each point of time, the stock of each
type of capital is the sum of stocks remaining from past investments of
each vintage., Under the assumption that efficiency of capital goods declines
geometrically, the rate of replacement, say §, is a constant, Capital stock

at the end of every period many be estimated from investment and capital stock

at the beginning of the period:
Kt = At + (l-G)Kt—l’

where Kt is - end of period capital stock, At the quantity of investment, and
Keo1 the capital stock at the beginning of the period.

For each type of capital included in our accounts, we prepare perpetual
inventory estimates of tge stock as follows: First, we obtain a benchmark
estimate of capital stock from data on national wealth in constant prices,
Second, we deflate the investment series to obtain investment in constant
prices. Third, we choose an estimate of the rate of replacement. Finally,
we estimate capital stock in every period by applying the perpetual inventofy
method described above.

We construct capital stock estimates for six diétinct classes of assets:
(1) nonresidential structures, (2) producer durables, (3) inventories, (&)

residential structures, (5) consumer durables, (6) land. Our investment data



